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Abstract 
Background: Many older adults experience chronic age-related stressors (e.g., life regrets or health 
problems) that are difficult to control and can disturb cortisol regulation. Self-compassion may buffer 
adverse effects of these stressful experiences on diurnal cortisol secretion in older adulthood. 
Purpose: To examine whether self-compassion could benefit older adults’ cortisol secretion in the 
context of chronic and largely uncontrollable age-related stressors. Methods: 233 community-
dwelling older adults reported their levels of self-compassion, age-related stressors (regret intensity, 
physical health problems, and functional disability), and relevant covariates. Diurnal cortisol was 
measured over 3 days and the average area-under-the-curve (AUC) and slope were 
calculated. Results: Higher levels of self-compassion were associated with lower daily cortisol levels 
among older adults who reported higher levels of regret intensity, physical health problems, or 
functional disability (βs < -.54, ps < .01), but not among their counterparts who reported lower levels 
of these age-related stressors (βs < .24, ps > .28). Conclusions: These results suggest that self-
compassion may represent an important personal resource that could protect older adults from stress-
related biological disturbances resulting from chronic and uncontrollable stressors. 
 
Keywords: aging; cortisol; self-compassion; stressors
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Introduction 
 The aging population represents the fastest growing segment of the human population, 
typically including individuals of 60 years of age and older (United Nations, 2015). Although 
normative aging involves both developmental gains and losses (Baltes, 1987), research has 
documented an age-related increase in the amount of chronic and less controllable stressors (e.g., 
physical health problems, functional disabilities, or life regrets; Heckhausen et al., 2010; Wrosch 
et al., 2006; Wrosch et al., 2007; Ebner, Freund, & Baltes, 2006; Heckhausen, Dixon, & Baltes, 
1989). These stress experiences may trigger psychological distress and forecast disturbances in 
HPA axis regulation leading to altered patterns of cortisol release (Cohen et al., 2007; Miller, 
Chen, & Zhou, 2007). As such, examining patterns of cortisol dysregulation may be particularly 
important in older adulthood because HPA axis regulation can become compromised (Sapolsky, 
Krey, & McEwen, 1986) and the controllability of certain stressors frequently decrease during 
this life phase (Ebner et al., 2006; Heckhausen et al., 2010). As a result, cortisol levels can be 
higher in older adulthood (Nater et al., 2013), and these cortisol disturbances (e.g., higher area-
under-the-curve [AUC] or a flatter cortisol slope) may reflect dysregulated physiological 
responses to stress experiences (Nater et al., 2013; Nicolson et al., 1997; Otte et al., 2005; 
Rohleder et al., 2002). Such patterns of cortisol dysregulation are thought to have important 
implications for health over time (Heim et al., 2000; Sephton et al., 2000) and have been 
associated with higher mortality rates in middle-aged and older adults (e.g., Kumari et al., 2011). 
 Although the general link between stress and health-relevant biological processes has 
been documented (Cohen et al., 2007), the effects of some stressors on health-related outcomes 
may become paramount among older adults. In particular, chronic and uncontrollable stressors 
have been shown to adversely affect HPA axis activity, as they tend to be associated with higher 
levels and flatter slopes of cortisol outflow (Miller, Chen, & Zhou, 2007). As older adults are 
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likely to experience an increase in these types of stressors (Ebner, Freund, & Baltes, 2006; 
Heckhausen, Dixon, & Baltes, 1989), their biological stress response may also be affected. 
Consistent with this argument, up to 90% of older adults report significant life regrets that are 
perceived as less controllable than young adults’ life regrets (Landman, 1987; Wrosch & 
Heckhausen, 2002). In addition, intense regret experiences have been associated with 
psychological distress and enhanced cortisol output (Wrosch et al., 2005; 2007). Such adverse 
effects of life regrets may occur in old age because the opportunities for undoing the 
consequences of regretted events often become sharply reduced or absent as individuals advance 
in age (Wrosch et al., 2005). Thus, older adults who experience intense regret may be at risk of 
ruminating about the regretted event without being capable of overcoming the regret, which may 
trigger greater distress and a disturbance of HPA axis regulation (Heckhausen, Wrosch, & 
Schulz, in press; Wrosch & Heckhausen, 2002).  
 Older adulthood is also characterized by other, frequently intractable, stressful 
experiences, such as an increase in physical health problems and functional disability. Indeed, 
both of these stressors have been related with psychological distress (e.g., Bruce, 2001) and 
dysregulated cortisol secretion (Heaney et al., 2012; Wrosch et al., 2007). Such effects may 
occur in older adulthood since a loss of control over the onset and progression of physical health 
problems can be psychologically and physiologically distressing (Heckhausen, Wrosch, & 
Schulz, in press). 
 It is important to note, however, that chronic and uncontrollable stressors may not disturb 
cortisol secretion to the same extent among all individuals (Wrosch et al., 2007). Whether 
stressful experiences result in dysregulated HPA activity can vary considerably between 
individuals (Kudielka et al., 2009). Such individual difference variables can be partially 
independent from the experience of a stressor and determine how stressors impact important 
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outcomes (Bolger & Zuckerman, 1995). In this regard, past research has shown that factors such 
as social support and physical activity can exert robust stress-buffering effects (e.g., Rimmele et 
al., 2007; Seeman et al., 1994). Similarly, research suggests that inter-individual differences in 
psychological characteristics that facilitate adjustment to, and coping with, stress are likely to 
moderate links between stress and cortisol (e.g., O’Donnell et al., 2008; Wrosch et al., 2007). 
Thus, psychological characteristics that facilitate coping with stressors are likely to buffer the 
adverse effects that these stress experiences can exert on older adults’ biological functioning 
(Heckhausen et al., 2010).  
 To determine individual difference variables that may promote effective coping with 
chronic and uncontrollable stressors in old age, motivational theories of life-span development 
provide a useful framework for identifying pathways to successful aging (e.g., Brandtstädter & 
Renner, 1990; Heckhausen et al., 2010, in press). These theories posit that older adults’ health 
may benefit from a shift towards self-regulation processes that involve self-protective strategies, 
helping them to accept that certain problems can no longer be resolved (e.g., social comparisons 
or positive reappraisals; Wrosch et al., 2006). Building upon these theories, we propose that self-
compassion could represent a dispositional factor that exerts such motivational function and 
promotes older adults’ physiological regulation in the context of uncontrollable stress 
experiences. Self-compassion is an individual difference variable that involves treating oneself in 
a manner that most individuals would treat a close friend who experiences difficult life 
circumstances. That is, with kindness and concern, rather than self-criticism, pity, or 
aggrandizing negative feelings (Neff, 2003a). Self-compassionate individuals are supportive and 
understanding towards themselves and maintain an open and non-judgmental attitude of oneself 
during difficult times. In addition, they are able to recognize that difficult life circumstances are 
common to the human experience (Neff, 2003b).  
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As a consequence, we suggest that individual differences in dispositional self-compassion 
may prevent biological disturbances in response to uncontrollable stressors by promoting 
psychological processes that reduce emotional distress (cf. Cohen et al., 2007). In circumstances 
when older adults experience difficulty performing certain behaviors (e.g., living independently) 
or have severe life regrets, some of them may engage in self-blame or self-criticism and keep 
trying to resolve stress experiences that are difficult or impossible to overcome (Wrosch et al., 
2005). By contrast, self-compassionate individuals should be less likely to engage in such 
maladaptive psychological responses to encountering uncontrollable problems (Brion et al., 
2014; Leary et al., 2007; Neff, 2011) and instead may be more likely to accept that their health is 
declining or forgive themselves for a behavior that they regret (Zhang & Chen, 2016). These 
motivational concomitants of self-compassion may ameliorate the psychological consequences 
of uncontrollable stress experiences and reduce associated cortisol output. 
In support of these possibilities, research has documented that self-compassion can 
moderate the effects of age-related stressors, such as poor physical health, pain, and mobility on 
psychological well-being (Allen et al., 2012; Homan, 2016). Moreover, self-compassion can 
promote physical health among individuals who confront chronic disease and experience higher 
levels of distress (e.g., diabetes, Friis et al., 2015). Less is known, however, about whether self-
compassion also benefits physiological functioning in the context of stressful experiences. 
Preliminary evidence from laboratory stress tasks among young adults suggests that self-
compassion could promote more adaptive biological responses to stress, such as reduced cortisol 
reactivity and inflammation (Breines et al., 2014a; 2014b). However, research examining the 
effects of self-compassion on diurnal cortisol output in the context of older adults’ naturalistic, 
self-relevant, and uncontrollable stress experiences is lacking. We think that such research may 
be warranted since associations between stress and biological dysregulation can become 
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paramount in older adulthood (Kiecolt-Glaser & Glaser, 2001). In addition, it could help identify 
a psychological mechanism that influences HPA functioning among older adults who experience 
common chronic and uncontrollable age-related stressors (Adam et al., 2007; Van Eck et al., 
1996).  
The Present Study 
The present study examined whether individual differences in dispositional self-
compassion predict lower levels of diurnal cortisol output among older adults who experience 
chronic and uncontrollable age-related stressors. Using cross-sectional data from 233 older 
adults, we examined associations among self-compassion, specific age-related stressors (physical 
health problems, functional disability, and regret intensity), and diurnal cortisol secretion. 
Because overall daily cortisol secretion (i.e., higher AUC) and change in cortisol secretion across 
a day (i.e., flattened slope) have both been associated with stress experiences, morbidity, and 
mortality, we predicted these indicators in our analyses (Heim, et al., 2000, Kumari et al., 2011; 
Sephton et al., 2000). In supplemental analyses, we further explored whether obtained effects 
were related to cortisol output at different times of day (i.e., awakening, CAR, afternoon, and 
evening). More specifically, we expected that higher levels of age-related stressors (physical 
health problems, functional disability, and regret emotions) could be associated with higher daily 
levels and a flattened slope of cortisol secretion. In this regard, we hypothesized that the 
emergence of such an association would depend on older adults’ levels of self-compassion. In 
particular, we predicted that the experiences of age-related stressors would exert a significant 
effect on cortisol secretion only among older adults who score low on self-compassion. By 
contrast, we hypothesized that their counterparts who are more self-compassionate would be 
protected from experiencing cortisol disturbances in context of higher levels of age-related 
stressors. To examine potential confounds of the observed effects, the analyses controlled for 
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socio-demographic characteristics (age, sex, and socio-economic status) and health relevant 
covariates (BMI, smoking status).  
Methods 
Participants 
Participants in this study included an age-normative sample of community-dwelling older 
adults who participated in the Montreal Aging and Health Study (MAHS). The MAHS is a 
longitudinal study that originally included 215 participants (Wrosch et al., 2007). After ten years 
of study, the cohort of the MAHS was refreshed and new measures that are pertinent for the 
present study (e.g., self-compassion) were added to the study. Therefore, only cross-sectional 
data from this time point were analyzed. Recruitment for this study was completed via 
newspaper advertisements in the Montreal area. To obtain a normative sample, the only inclusion 
criteria for this study was that participants were older than 60 years. Each participant provided 
informed consent prior to participating in the study.  
 In this refreshed cohort, a total of 268 participants (95 original and 173 newly recruited 
participants) were assessed in their homes or in the laboratory. Participants were excluded from 
the analysis if they did not provide at least one complete day of cortisol data (n = 30). Five 
additional participants were excluded for not completing the self-compassion scale. The analytic 
sample thus included 233 participants. Excluded participants had a significantly higher BMI (M 
= 28.83, SD = 5.28) than included participants (M = 26.80, SD = 4.78; t(258) = -2.24, p < .03. 
The excluded participants did not significantly differ on any of the other main study variables 
(|ts| < 1.28, ps > .20). 
Materials  
Diurnal Cortisol. To assess normative patterns of diurnal cortisol secretion, we 
measured cortisol on three non-consecutive days over the course of one week. Participants were 
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asked to collect five saliva samples using salivettes at awakening, 30 minutes after awakening, 2 
PM, 4 PM, and bedtime. Upon awakening participants collected the first sample and started a 
timer to facilitate the collection of the second saliva sample thirty minutes after awakening. 
Participants were then contacted by phone at 2 PM and 4 PM to facilitate compliance with the 
afternoon samples collection. The last sample of the day was collected by the participants 
themselves before they went to bed. The time each sample was collected was recorded by the 
participants. To prevent contamination with food or blood, they were instructed not to brush their 
teeth or eat prior to saliva collection. For each sample, participants were instructed to insert a 
salivette into their mouths for 30 seconds to collect saliva. The salivettes were stored in 
participants’ home refrigerators until they were returned to laboratory (after 2-3 days) and frozen 
until study completion. Cortisol analysis was performed at the University of Trier using a time-
resolved fluorescence immunoassay with a cortisol-biotin conjugate as a tracer. The inter-assay 
variability from these cortisol analyses performed at the University of Trier was on average 5.3% 
and the intra-assay variability performed in this laboratory is usually below 10%. 
 All cortisol scores were log-transformed to stabilize variance. Cortisol samples were 
excluded if they deviated three standard deviations or more from the mean cortisol level for a 
given time of day, as these samples could have been contaminated with food or blood. Cortisol 
scores were only calculated for participants who provided at least four usable cortisol scores on 
each of the collection days. Daily cortisol levels were calculated using the area-under-the-curve 
with respect to ground (AUC) across each day separately, using the trapezoidal method based on 
hours after awakening (Pruessner et al., 2003). The 30-minutes measure was excluded from the 
calculation of daily cortisol level because early morning increase of cortisol has been shown to 
be relatively independent from overall cortisol level (Chida & Steptoe, 2009). The three AUC 
scores were averaged across the three days to obtain a reliable measure of average cortisol 
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secretion. Cortisol slope was calculated by regressing cortisol values on time of day for each 
collection day (excluding the 30-minute measure). The three obtained cortisol slopes were then 
averaged to create a reliable measure of average cortisol slope. On each of the assessment days, 
cortisol levels significantly declined from awakening to bedtime, ts > 26.44, ps < .001. 
Self-Compassion was measured with the 12-item Self-Compassion Scale (Raes et al., 
2011). This short-form version of the Self-Compassion Scale has shown good internal 
consistency (αs ≥ .86), good test-retest reliability over 5 months (α = .71; Neff, 2003a), a high 
correlation with the long-form scale (rs > .97), and self-compassion interventions have been 
shown to result in increases of self-compassion scores (Neff & Germer, 2013; Raes, 2011; Raes 
et al., 2011). This questionnaire uses 5-point Likert-type scales (almost never = 0 to almost 
always = 4). Participants were asked to consider how they typically act towards themselves in 
difficult times. Samples items include: “I try to see my failings as part of the human condition”, 
“When I fail at something important to me, I become consumed by feelings of inadequacy”, and 
“I try to be understanding and patient towards those aspects of my personality I don’t like.” To 
obtain an indicator of self-compassion a sum score of the 12 items was calculated after 
negatively formulated items were reverse coded (α = .80 in the current sample). 
Physical health problems were measured using a previously used symptom checklist of 
seven physical health problems (Wrosch et al., 2005). This checklist asked participants to report 
whether they had experienced or had been treated for any of the following health problems in the 
past 12 months: (a) persistent skin troubles (e.g., eczema); (b) recurring stomach trouble, 
indigestion, or diarrhea; (c) being constipated all or most of the time; (d) chronic sleeping 
problems; (e) migraine headaches; (f) asthma, bronchitis, or emphysema; and (g) thyroid disease. 
To obtain an indicator of physical health problems, we computed a count variable of each of 
these seven health problems (Range = 0-5, M = 1.24, SD = 1.12). 
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Functional disability was measured by asking participants to indicate whether or not they 
had difficulty or were unable to perform six basic activities of daily living (eating, using the 
toilet, dressing, showering, walking around the home, and getting in and out of a bed or chair), 
and six instrumental ADLs (heavy housework, light housework, shopping, preparing meals, 
managing money, and using the phone; Lawton & Brody, 1969). A count variable was computed 
comprising of the total number of basic and instrumental ADL difficulties (Range = 0-9, M = 
1.71, SD = 2.20). 
Regret intensity. Participants were asked to think about their own lives and report their 
most severe life regret. Consistent with past research, the majority of the sample reported having 
a significant life regret (82%; Bauer et al., 2008; Landman, 1987). To determine regret intensity, 
participants were asked to report the extent to which they experienced the following emotions 
during the past few months when they thought about their life regrets: sorrow, anger, desperate, 
irritated, helpless, and embarrassed (based on the work by Gilovich et al., 1998). Each item was 
rated on a 5-point Likert-type scale (not at all = 0 to extremely = 4). An index of the regret 
intensity was calculated by computing a sum score of the 6 items (α = .85). Individuals who 
reported not having a life regret and did not complete the regret intensity scale (n = 18) received 
a score of zero for this construct.  
Covariates included participants’ sex, age, objectively measured BMI, smoking status 
(yes or no), and SES. These variables were selected as covariates because of their previously 
demonstrated associations with cortisol secretion (e.g., Hajat et al., 2010; Van Cauter et al., 
1996). Sex was coded as male = 1 and female = 2. SES was indexed using three variables; 
highest education completed, yearly family income, and perceived social status. The three 
standardized SES measures were correlated (rs = .36 to .50, ps < .01) and averaged to obtain a 
reliable indicator of SES.  
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Data Analysis 
Preliminary analyses were conducted to describe the sample (means, standard deviations, 
and frequencies) and explore zero-order correlations among the main study variables. The main 
hypotheses of this study were tested using multiple regression analysis (SPSS 23.0). A total of 9 
participants had missing data on regret emotions, and 6 participants did not provide information 
necessary to calculate BMI. Since the proportion of missing data was less than 5%, missing 
scores of single constructs were replaced with the sample mean in the regression analysis 
(Tabachnik et al., 2013). All predictor variables were standardized prior to conducting the main 
analysis. In the first step of the analysis all covariates and main effects (sex, age, BMI, smoking 
status, SES, self-compassion, regret emotions, and physical health problems) were included in 
the analysis. The final step involved testing the hypothesized interaction effects in separate 
models (physical health problems x self-compassion, functional disability x self-compassion, and 
regret emotions x self-compassion). Significant interactions were plotted to illustrate the 
associations between self-compassion and cortisol levels 1 SD above, average, and 1 SD below 
the sample mean of physical health problems, functional disability and regret intensity, and the 
simple slopes were tested for significance (Aiken & West, 1991).  
Finally, we conducted supplemental analyses to explore whether obtained, significant 
effects of chronic stressors on cortisol AUC and slope were related to specific times of day by 
predicting in separate analyses awakening levels, awakening response (CAR; sample 1 
subtracted from sample 2), afternoon levels (averaged samples 3 and 4), and evening levels of 
cortisol as outcome variables.  
Results 
Preliminary Analyses 
Sample characteristics are reported in Table 1. Participants were on average 76 years old 
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(Median = 76, Range = 59-93). Approximately 39% of the sample was male. This sample 
represented a diverse socioeconomic background, approximately 33% had an income less than 
$34,000, 40% had an income between $34,001 and $85,000, and 16% had an income greater 
than $85,000. Participants reported a perceived social status that was slightly above mid-range. 
More than half the sample had a BMI greater than 25. A minority of participants smoked (5%).  
 Zero-order correlations among the study variables are reported in Table 2. Cortisol levels 
(AUC) were negatively associated with self-compassion and positively associated with age. 
Males were more likely to secrete higher cortisol levels than females. Cortisol slope was also 
positively associated with age. Self-compassion was negatively associated with regret intensity 
and positively associated with socioeconomic status. Regret intensity was negatively associated 
with socioeconomic status. Functional disability was positively associated with physical health 
problems and age and negatively associated with SES. Females reported higher levels of 
functional disability and physical health problems than males.  
Predicting Diurnal Cortisol Level 
The results of the regression analysis predicting participants’ cortisol levels (AUC) are 
reported in Table 3. The first step of the analysis, which included all covariates and main study 
variables, showed a significant model effect F(9, 232) = 3.15, p < .01. Age was significantly 
positively associated with cortisol levels β = .40, p = .02. Sex was significantly negatively 
associated with cortisol levels β = -.54, p < .01, indicating that females had lower cortisol levels 
than males. No significant main effects of the remaining covariates or self-compassion and age-
related stressors (physical health problems, functional disability, and regret emotions), were 
obtained for predicting participants’ cortisol levels. In the final step of the analysis, three 
significant interaction effects emerged between self-compassion and the three age-related 
stressors (physical health problems: β = -.52, p < .01, functional disability: β = -.29, p ≤ .05, and 
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regret emotions: β = -.44, p < .03). 
The significant interaction between self-compassion (1 SD above and below the sample 
mean) and physical health problems is plotted in the upper panel of Figure 1, separately for 
participants who reported low (-1 SD), average (sample mean), and high (+1 SD) levels of 
physical health problems. The observed pattern suggests that particularly high levels of cortisol 
were observed among participants who reported high levels of physical health problems and low 
levels of self-compassion. In addition, it indicates that to the extent participants’ reported greater 
levels of physical health problems, self-compassion became increasingly associated with lower 
levels of daily cortisol. Follow-up simple slope analyses supported these interpretations. Self-
compassion significantly predicted lower cortisol levels among participants who reported high 
levels of physical health problems β = -.79, SE = .22 t = -3.54, p < .01, but not among their 
counterparts who reported either average, β = -.27, SE = .17, t = -1.68, p = .10, or low levels of 
physical health problems β = .24, SE = .22, t = 1.08, p = .28. 
The significant interaction effect between self-compassion and functional disability is 
plotted in the middle panel of Figure 1, separately for participants who reported low (-1 SD), 
average (sample mean), and high (+1 SD) levels of functional disability. Similar to the previous 
interaction, the obtained pattern shows that relatively high levels of cortisol were observed 
among participants who reported high levels of functional disability and low levels of self-
compassion. The results further suggest that to the extent participants’ reported higher levels of 
functional disability, self-compassion became increasingly associated with lower levels of 
cortisol levels. Simple slope analysis were consistent with this interpretation, indicating that 
among those participants who report higher levels of functional disability, self-compassion 
became more strongly associated with lower cortisol levels β = -.54, SE = .22, t = -2.48, p = .01, 
as compared to their counterparts who had either average β = -.24, SE = .17, t = -1.44, p = .15 or 
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low levels of functional disability β = .05, SE = .24, t = .21, p = .83. 
The significant interaction effect between self-compassion and regret intensity is plotted 
in the lower panel of Figure 1, separately for participants who reported low (-1 SD), average 
(sample mean), and high (+1 SD) levels of regret intensity. Similar to the previously reported 
interactions, the obtained pattern suggests that the highest cortisol levels appeared among those 
who experienced high levels of regret intensity and were relatively low in self-compassion. Self-
compassion was increasingly associated with lower cortisol levels to the extent that participants 
experienced higher levels of regret intensity. This interpretation was supported by the simple 
slope analyses, demonstrating that higher self-compassion significantly predicted lower cortisol 
levels among participants who reported greater levels of regret intensity, β = -.67, SE = .25, t = -
2.71, p < .01, but not among their counterparts who reported either average, β = -.23, SE = .21, t 
= -1.10, p = .27, or low levels of regret intensity, β = .09, SE = .23, t = .39, p = .70. 
The supplemental analyses, predicting different times of cortisol secretion during the day, 
showed that the obtained interaction between physical health problems and self-compassion 
predicted awakening levels, CAR, and evening levels of (|β|s > |.02|, ps < .05, R2 > .02), but not 
afternoon levels of cortisol (β = -.02, p = .11, R2 =.01). In addition, the interaction between 
regret intensity and self-compassion predicted only evening levels (β = -.05 p = .001, R2 =.04), 
but not awakening levels, CAR, or afternoon levels of cortisol (|β| s < |-.02|, ps > .22, R2 <.01). 
Finally, the interaction between functional disability and self-compassion did not significantly 
predict any additional marker of cortisol (|β|s < |-.02|, ps > .16, R2 <.01). 
Predicting Cortisol Slope 
The results of the regression analysis predicting cortisol slope are also reported in Table 
3. The first step of the analysis, which included all covariates and main study variables, showed a 
significant model effect F(9, 232) = 2.06, p < .04. Of the covariates, age was significantly 
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positively associated with cortisol slope, β = .003, p = .01, indicating that older, as compared to 
younger, participants exhibited a more flattened cortisol slope across day. However, no 
additional significant associations with cortisol slope were obtained for the remaining covariates, 
self-compassion, or age-related stressors (physical health problems, functional disability, and 
regret emotions). The final step of the analysis, testing the three interaction effects between self-
compassion and age-related stressors separately (physical health problems, regret emotions and 
functional disability), showed that none of the three interactions significantly predicted 
participants’ cortisol slope, all |βs| < .002, all ps > .09 (see Table 3). 1 
Discussion 
This study showed in a community-dwelling sample of older adults that dispositional 
self-compassion moderates the associations between specific chronic and uncontrollable age-
related stressors (i.e., physical health problems, functional disability, and regret intensity) and 
higher levels of diurnal cortisol secretion. More specifically, we found that to the extent older 
adults reported higher levels of regret and health-related stressors, self-compassion became 
increasingly associated with lower levels of diurnal cortisol (AUC). These findings were not 
observed for participants’ cortisol slope, and the obtained pattern of results was significant after 
controlling for a number of demographic (age, sex, SES) and health-relevant covariates (BMI, 
smoking).  
The study’s findings suggest that self-compassion represents an adaptive personal 
resource that is capable of buffering stress-related disturbances of older adults’ cortisol secretion. 
These findings are consistent with motivational theories of life-span development, which 
document that successful aging is characterized by a shift in older adults’ self-regulation 
attempts, from overcoming problems and striving for gains to adjusting psychologically to 
relatively intractable age-related losses (Brandtstädter, & Renner, 1990; Heckhausen et al., 2010, 
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in press). In fact, certain self-protective processes (e.g., avoiding self-blame, positive 
reappraisals, or downward social comparisons) and goal disengagement processes (Heckhausen 
et al., 2010; Wrosch et al., 2006) have been shown to exert effective coping effects in the context 
of older adults’ stress experiences. To this end, self-compassion may foster such self-protective 
responses to the experience of uncontrollable stressors. For example, being kind and 
understanding to oneself during times of stress could promote positive reappraisals of difficult 
life circumstances and reduce self-blame for emerging problems, rumination, or catastrophizing 
(Brion et al., 2014; Leary et al., 2007; Neff, 2011). In addition, appraising personal challenges in 
the broader context of common humanity may elicit adaptive social comparisons that may reduce 
negative emotional responses to pressing problems (Festinger, 1954) and prevent the HPA axis 
from releasing high levels of cortisol into the circulation.  
Of importance, the beneficial effects of self-compassion on older adults’ cortisol 
secretions were observed in the presence of both psychological stressors (i.e., intense life regret) 
and physical stressors (i.e., functional disability and physical health problem). These results 
suggest that self-compassion may represent a dispositional resource that can protect older adults’ 
cortisol functioning across a variety of life stressors. Since both intense life regrets and physical 
health problems typically represent relatively chronic stressors that become increasingly 
intractable as individuals advance in age (Wrosch et al., 2005; 2006), these findings may further 
imply that self-compassion is adaptive particularly if individuals confront uncontrollable and 
chronic stressors. To this end, we note that our study also included a measure of daily perceived 
stress, which is thought to be different from chronic stress experiences (Almeida, 2005), and 
could be elicited by both stressors that are either transient and potentially controllable or by 
chronic and intractable stressors. Interestingly, self-compassion did not interact with daily 
perceptions of stress in predicting cortisol output (see Footnote 1), which could imply that 
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participants’ daily stress experiences were relatively minor and/or potentially controllable. As a 
consequence, the influence of self-compassion on older adults’ cortisol secretion could be 
stronger in the context of chronic and intractable stressors, as compared to daily perceptions of 
stress. 
It should be noted that consistent moderation effects of self-compassion in the 
associations between age-related stressors and cortisol were found only for predicting cortisol 
AUC. By contrast, the analyses did not show the same effects for predicting cortisol slope. In 
addition, the supplemental analyses indicated that if cortisol secretion during different times of 
day were analyzed separately, buffering effects of self-compassion were either absent (i.e. for 
functional disability) or detected only for some times of the day (i.e., for regret experiences and 
physical health problems). These findings may imply that cortisol AUC is a particular promising 
outcome measure, which is consistent with some past research that has documented associations 
between stress experiences and cortisol AUC only (Ice, 2005; Wrosch et al., 2005). Such 
different effects may occur considering that stress experiences can enhance cortisol secretion 
across the entire day and thus would be particularly likely to predict cortisol AUC (Kirschbaum 
et al., 1995). Cortisol measures that reflect different times of day, by contrast, may fail in 
capturing some of the physiological effects of stressors occurring during the entire day. In 
addition, a flattened slope can be observed as a function of both reduced morning cortisol levels 
and/or greater levels of evening cortisol, and thus may be less related to stressors that increase 
cortisol across the entire day (Cohen et al., 2006). Another explanation that is consistent with our 
data (see correlations in Table 2) would be that cortisol AUC and slope can be relatively 
independent from each other (Vedhara et al., 2006) and may be regulated by different 
mechanisms (Ice, 2005). This possibility could further explain the observed associations between 
self-compassion and cortisol AUC among individuals with low self-compassion, considering 
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previous research documenting that cortisol level may be more affected by psychological traits, 
whereas cortisol slope may be influenced to a larger extent by variables related to the circadian 
rhythm (i.e., age, physical activity, sleep; Ice, 2005). We further acknowledge that the 
reliabilities of cortisol slope and levels during different times of day may not have been 
sufficiently high to detect between-person differences. Although previous research has shown 
that three collection days provide reliable estimates of between-person differences in cortisol 
level, more collection days are likely required to obtain other reliable indicators of cortisol 
secretion (e.g., Segerstrom et al., 2014).  
Finally, we would like to acknowledge that our data did not show significant main effects 
of any of the age-related stressors on participants’ cortisol secretion. This pattern is consistent 
with prominent self-regulation theories that posit that not stressors per se, but instead 
individuals’ appraisals and behaviors, determine the health-related outcomes of stress 
experiences (Folkman et al., 1986). In support of this possibility, we note that other studies also 
did not consistently report significant main effects of stress experiences on cortisol secretion 
(e.g., Kudielka et al., 2009; Liu et al., 2014). As such, our data suggest that individual difference 
variables that facilitate adjustment to stressors, such as self-compassion, may play an important 
role in the physiological effects of stress experiences. In the absence of adaptive levels of self-
compassion, older adults may remain vulnerable and secrete high levels of cortisol in response to 
intractable stress experiences. 
Overall, the reported findings have important implications for research on personality, 
aging, and cortisol regulation. Our study extends preliminary laboratory-based research (e.g., 
Breines et al., 2014a) by documenting that differences in dispositional self-compassion can 
facilitate adaptive stress-related HPA axis responses as older adults go about their normal daily 
activities. These findings are particularly important given that naturalistic patterns of cortisol 
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secretion may provide relevant information for understanding pathways to biological 
dysregulation and disease (Adam et al., 2007; Van Eck et al., 1996). Indeed, such indicators of 
dysregulated cortisol secretion have been shown to predict mortality rates among older adults 
specifically (Kumari et al., 2011). 
The obtained findings also contribute to theories of successful aging. With advancing 
age, individuals typically experience an increasing number of relatively intractable stressors in a 
variety of life domains, which are likely to compromise their biological functioning and physical 
health (Wrosch et al., 2006). To this end, our results document that self-compassion buffered the 
effects of both psychological and physical stressors on increased cortisol output. This pattern of 
results adds to current motivational theories of life-span development (e.g., Heckhausen et al., 
2010) by pointing to the possibility that self-compassion represents an individual difference 
variable that facilitates effective coping with various age-related stressors across different areas 
of life.  
The reported study has further implications for theory and research on stress and cortisol 
functioning. Self-compassion buffered the effects of age-related stressors on daily cortisol levels, 
but not cortisol slope. This mixed pattern may imply that research on psychological factors 
impacting the human stress response (Ice, 2005; Wrosch et al., 2007) could obtain particularly 
reliable results by predicting the overall level of cortisol secretion instead of focusing on 
differentially increasing or decreasing cortisol levels across the day (i.e., slope). In support of 
this possibility, our findings suggest that cortisol AUC and cortisol slope were not significantly 
correlated, and future research should investigate more thoroughly the potential mechanisms 
underlying different associations between stress experiences, psychological factors, and cortisol 
indicators.  
Finally, our findings may have implications for practitioners and clinicians, as they 
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highlight the possibility that self-compassion can benefit health-relevant biological functioning 
in older adulthood. This conclusion points to the utility of self-compassion as a psychological 
variable that could be fostered in clinical settings to promote physical health among older adults 
experiencing a variety of age-related stressors. Indeed, specific psychological interventions that 
foster self-compassion (e.g., Compassion-Focused Therapy, Mindfulness-Based Stress 
Reduction, Mindfulness-Based Cognitive Therapy, and Acceptance and Commitment Therapy) 
have been developed, and a recent review of this literature suggests that such interventions can 
benefit psychological well-being and, in some circumstances, physical health among older adults 
(Geiger et al., 2016).  
There are several limitations of this study that should be addressed in future research. 
First, while it is a strength of our study to examine associations between self-compassion and 
cortisol secretion in a naturalistic setting, the analyses were based on a relatively small sample of 
community-dwelling older adults, and thus may not generalize to the entire aging population. 
Second, the study used cross-sectional data and thus precludes any causal interpretation. As a 
consequence, we cannot determine the time-related associations between stressors, self-
compassion, and cortisol output. Third, although our analysis showed convergent associations 
between self-compassion and stress-related cortisol output for three different stressors (i.e., 
functional disability, physical health problems, and life regrets), other stress experiences that 
frequently arise in old age were not assessed in our study (e.g., social losses or support 
reductions). Fourth, the study did not consider other psychological factors that could be 
associated with self-compassion and may protect older adults during the experience of age-
related stressors (e.g., control strategies or goal disengagement capacities; Wrosch et al., 2005; 
2006). Fifth, our study examined how dispositional variation in self-compassion could buffer the 
effects of age-related stressors, and did not examine state levels of self-compassion in response 
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to specific stressors. Future research should thus further explore whether self-compassion as an 
active behavioral choice, independent of general individual differences in self-compassion, can 
also influence the physiological response to specific age-related stressors. Finally, the reported 
study did not examine clinical health outcomes, and thus could not conclude whether the 
protective effects of self-compassion on stress-related cortisol disturbances can optimize older 
adults’ physical health over time. Future research should address these limitations by examining 
larger samples of older adults over an extended period of time. Such research should cover a 
wider range of age-related stressors, potentially protective psychological factors, and physical 
health outcomes. Research along these lines may illuminate the psychological and biological 
mechanisms that enable older adults to manage age-related stressors and protect their quality of 
life. 
Conclusion 
The present study identifies self-compassion as an individual difference variable that is 
associated with adaptive cortisol functioning in the context of older adults’ chronic and 
uncontrollable stress experiences. The reported results may have implications for clinical 
interventions that foster self-compassion in older adulthood as a way to cope with common age-
related stressors. 	
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Footnotes 
1 We note that our study also included a measure of daily perceived stress, which was 
assessed on three days and could involve both transient and addressable stressors or chronic and 
uncontrollable stressors. Since our theoretical approach focused on specific chronic and 
uncontrollable stressors, daily perceptions of stress were not considered for the study hypotheses. 
However, we acknowledge that supplemental analyses, using an average score of daily perceived 
stress, did not show significant interactions involving daily stress and self-compassion predicting 
cortisol level (β = -.22, p > .05) or slope (β = -.00, p > .05). In addition, there were no significant 
main effects of the daily stress predicting cortisol level (β = .10, p > .05) or cortisol slope (β = 
.00, p > .05). Further, including daily stress into the reported models as a covariate did not 
change any of the reported results.  
 





Figure 1. Associations between self-compassion and cortisol levels separately for: (upper panel) participants who 
reported levels of physical health problems one standard deviation above, below and mean levels of physical health 
problems, (middle panel) levels of functional disability one standard deviation above, below and mean levels of 
functional disability, and (lower panel) levels of regret emotions one standard deviation above, below and mean levels 



















































































Figure Click here to download Figure Figure 1_final.docx 
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Table 1 
Means, Standard Deviations and Frequencies of Main Study Variables (N = 233) 
Constructs  Mean (SD) or Percentage 
Cortisol level (AUC in log nmol/Lxh) 
Cortisol slope  
10.00 (2.46) 
-0.04(.01) 
Self-compassion 41.14 (6.33) 
Regret intensity  4.76(5.10) 
Physical health problems 
Functional disability 
Education (%)  
1.24(1.12) 
1.71(2.20) 
     Did not complete high school 15.02 
     High school 21.89 
     College/trade 13.30 
     Bachelor 25.75 
     Masters/PhD 16.74 
Income (%)  
     Less than $17,000 7.30 
     $17,001-$34,000 26.18 
     $34,001-$51,000 21.46 
     $51,001-$68,000 9.44 
     $68,000 – 85,000 9.01 
     > $85,000 16.31 
Perceived social status 6.69(1.76) 









Note that that the sample size involving correlations with regret intensity, perceived social status, and 
BMI and were slightly reduced because of missing data for these constructs. 
Table Click here to download Table Table_revise_final.docx 
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Table 2 
Zero-Order Correlations of Main Study Variables (N = 233). 
 1 2 3 4 5 6 7 8 9 10 
 1. Cortisol level (AUC)           
 2. Cortisol slope  .12          
 3. Female    -.23** -.06         
 4. Age   .15* .20**   -.06        
 5. BMI .05 .13   -.07 -.02       
 6. Smoking  .09 -.04 .01  -.16* -.13      
 7. SES -.05 -.03   -.19**   -.19** -.07 -.10     
 8. Self-compassion   -.14* .00 .04  .03 .02 .01    .18**    
 9. Physical health problems   .08 .03  .14*  .08 -.03 .02   -.08   -.12   
 10. Functional disability   .00 .12   .17**    .28** .07 -.03   -.23**   -.06    .34**  
 11. Regret intensity   .09 .12 .02  .07 .00 -.02   -.16*   -.36** .12 .08 
Note that that the sample size involving correlations with BMI and regret intensity and were slightly reduced because of missing data for these 
constructs. 
*p ≤ .05; **p ≤ .01. 
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Table 3 
Regression analysis predicting cortisol level (AUC) and slope by covariates, self-compassion, physical health problems, functional 
disability, and regret emotions (N = 233). 
 Cortisol level (AUC) Cortisol slope 
 R2 β SE R2 β SE 
Main Effects 
  Female 
 
.043 










  Age .022   .398* .169 .028 .003** .001 
  BMI .003 .136 .161 .015 .002 .001 
  Smoking .013    .288 .161 .000 .000 .001 
  SES .000 -.052 .170 .001 .001 .001 
  Self-compassion (SC) .010 -.273 .169 .001 .001 .001 
  Physical health problems .007 .230 .168 .000 .000 .001 
  Functional disability .002 -.127 .177 .005 .001 .001 
  Regret intensity .001 .088 .171 .012 .002 .001 
Interactions       
  Physical health problems X SC .045 -.516** .150 .000 .000 .001 
  Functional disability X SC .015 -.293* .152 .001 .000 .001 
  Regret intensity X SC .021 -.438* .188 .011 -.002 .001 
Notes. R2 values represent the unique proportion of variance explained in each step of the analyses. β represents standardized 
regression values in each step of the analyses. All interaction terms were tested in separate models  
*p ≤ .05 ** p ≤ .01 
  
